INTRODUCTION {#sec1-1}
============

Perceptions regarding the degree of a person\'s fatigue and age are preferentially based on periorbital aesthetics.\[[@ref1]\] Throughout cultures, societal perceptions are similar, in that periorbital dark circles contribute to a tired, aged and even sad appearance. On an average, a woman in the United States spends \$15,000 (USD) in her lifetime on cosmeceuticals and makeup, a large percentage of which is spent on under-eye concealers.\[[@ref2]\] This expenditure phenomenon is worldwide, as the global beauty industry has been projected to be valued at \$390.07 billion (USD) by 2020, and the skin care segment is anticipated to be the fastest growing subcategory.\[[@ref3]\] This data do not include the resources that will be spent on surgical and other more invasive treatments to the periorbital region. The American Academy of Plastic Surgeons recently revealed data indicating that a total of \$12.6 billion (USD) was spent on cosmetic procedures in the United States; an increase of 15% from the previous year. The group went on to report that in 2013, 15.1 million cosmetic procedures were performed in the United States, a 3% increase over the previous year. This includes 1.6 million surgical procedures and 13.4 million minimally invasive procedures. Eyelid surgery was the third most commonly performed surgical procedure with 216,000 procedures performed in 2013. Soft tissue filler injection was the second most common minimally invasive procedure performed with 2.2 million procedures performed, an increase of 13% over the previous year. A substantial percentage of these injections were used to treat the lower eyelid--cheek interface.\[[@ref4]\] Facial ageing, and periorbital ageing in particular, is an area of great concern; reflected by a considerable societal investment in measures to conceal the facial stigmata of age and fatigue. As dark circles play a central role in the appearance of the ageing and fatigued lower eyelid, this review will describe the pathogenesis, evaluation and treatment of dark circles.

AETIOLOGY OF INFRAORBITAL DARK CIRCLES {#sec1-2}
======================================

A detailed understanding of facial anatomy is crucial to properly diagnose the aetiology of infraorbital dark circles. Various anatomic factors may contribute to the appearance of periocular dark circles including the facial ligamentous architecture, the bony structure, midface soft tissue including prominence of the orbicularis oculi muscle and vasculature and thin eyelid skin with minimal to no subcutaneous tissue\[[@ref5]\] \[[Figure 1](#F1){ref-type="fig"}\].

![Age-related changes involving the osseous, ligamentous and soft tissue anatomy in the ageing eyelid resulting in infraorbital dark circles (adapted from Nakra, 2015)](JCAS-9-65-g001){#F1}

UNDERLYING LIGAMENT AND BONE STRUCTURE {#sec1-3}
======================================

The underlying facial ligament and bone structure are important in providing a framework for supporting facial soft tissue and influence the overall appearance of the face. The osseo-cutaneous facial ligaments comprise the primary structural divisions of the facial fat compartments.\[[@ref6]\] Age-related changes in the midface result in relative orbital rim recession and midfacial and malar bone volume loss, leading to tightening of the orbital and facial retaining ligaments.\[[@ref7]\] As facial fat descends and fat volume decreases, the relatively inflexible ligaments result in tethering and associated orbital rim and facial hollowing. These hollows lead to worsening of shadowing, which can particularly be noted in the tear trough area in the inferomedial orbit.\[[@ref8]\] Overhead lighting can worsen the appearance of periorbital dark circles, while direct light may mask the appearance\[[@ref9]\] \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Patient with infraorbital dark circles due to shadowing and orbicularis prominence (a). Patient with infraorbital dark circles due to shadowing (b). Patient with infraorbital dark circles due to hyperaemia and hemosiderin deposition (c). Patient with infraorbital dark circles due to pigment deposition (d)](JCAS-9-65-g002){#F2}

MIDFACE SOFT TISSUE CONTRIBUTIONS {#sec1-4}
=================================

The thin and somewhat transparent eyelid skin provides little camouflage to the prominence of the underlying midface soft tissue including the robust subcutaneous vascular network and the orbicularis oculi muscle. This results in a darkened appearance of the skin.\[[@ref10][@ref11]\] Infraorbital eyelid fluid may accumulate in the infraorbital soft tissue area and further contribute to the darkened and aged appearance in this area. Extravasation of haemoglobin breakdown products such as hemosiderin and biliverdin contributes to visible pigmentation changes in the cutaneous and subcutaneous layers. A variety of pathologic and age-related processes result in increased permeability of the local vasculature resulting in these pigmentary changes. The lower eyelid tissues may have an increased tendency to accumulate fluid due to local processes such as atopy as well as systemic fluid retention and can be limited inferiorly by the orbital rim because of the cutaneous ligaments. Eyelid oedema as a manifestation of fluid accumulation is often worse after a salty meal or in the morning. This fluid often takes on a purplish colour due to the prominent role of the orbicularis muscle in the lower eyelid\[[@ref12]\] \[[Figure 2](#F2){ref-type="fig"}\].

Age-related anatomic changes of the midface soft tissue include subcutaneous fat atrophy and volume loss, hypertrophy of orbicularis oculi muscle, pseudoherniation of suborbicularis oculi fibroadipose tissue and volume loss in the malar region. These features further accentuate the appearance of dark circles.

CONTRIBUTIONS FROM THE SKIN {#sec1-5}
===========================

The quality of the infraorbital skin may contribute to the appearance of infraorbital dark circles. The lower eyelid skin is one of the thinnest parts in the body and allows subdermal features to be accentuated. With minimal to no subcutaneous tissue, the skin has an intimate relationship with the orbicularis muscle. This results in ageing changes that are more exaggerated compared with the rest of the facial skin.\[[@ref8]\] Skin ageing and environmental-related changes throughout the face include a loss of elasticity and turgor as a result of collagen and/or elastin loss. Furthermore, thinning of the skin, dyschromia, telangiectasia, seborrhoeic changes and actinic changes contribute to ageing of the skin\[[@ref5][@ref8]\] \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

Multiple factors may be implicated in congenital and acquired hyperpigmentation of the periorbital skin. Causes may include melasma, nevi, dermal melanocytosis, excessive ultraviolet light exposure, hemosiderin deposition, hormonal changes or a multifactorial aetiology. Inflammation from various conditions including atopy and contact dermatitis may also lead to hyperpigmentation.\[[@ref10][@ref11]\] Medications such as oral contraceptives or ophthalmic prostaglandin F2a use have been found to increase pigmentation.\[[@ref9][@ref11]\]

Although skin may contain pigmentation, there may be fluctuation of the appearance based on subdermal characteristics. Watanabe *et al*. studied periorbital biopsies of 12 Japanese patients and found that although they all had dermal melanosis on histology, they had daily fluctuation in their appearance. The authors speculate that oedema and thickening of the dermis lead to an enhanced incidence of diffused light reflection from the pigmented areas, resulting in increased darkness of the skin.\[[@ref13]\] The multifactorial aetiology may explain why patients complain of infraorbital dark circles experience and fluctuations of their appearance.

Infraorbital dark circles can be the result of a number of different aetiologies with contributions from deep skeletal elements, soft tissue and skin \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

MANAGEMENT {#sec1-6}
==========

The first step in managing infraorbital dark circles is to identify the specific constellation of aetiologic factors present so that a customised therapy can be crafted. A spectrum of interventions exist, including non-invasive options such as concealment and camouflage, to minimally invasive treatments such as soft tissue fillers and resurfacing, as well as more invasive treatments including surgical intervention.

CONCEALERS AND COSMECEUTICALS {#sec1-7}
=============================

Concealers and cosmeceuticals are the least invasive option for the treatment of dark circles. Mineral makeup foundation can be used to blend the hue of the skin to conceal undesirable darker pigment in the infraorbital region. In addition, by using opposite colour wheel techniques, opposite hues can be used to minimise colour irregularities. For example, to minimise an erythematous area, one adds green pigment to the base.\[[@ref14][@ref15]\]

Optical diffusers are a useful adjunct in the concealment of infraorbital dark circles. These compounds are composed of microionised mineral particles that are designed to reflect light away from the skin. These compounds utilise differing sized particles with large-sized molecules filing relative depressions in the skin and smaller particles resting on the areas of relative elevation. The refractive indexes of these molecules differ such that a combination of transmittance, spectral and diffuse reflection results in an optically smooth surface. Molecules commonly used as optical diffusers include boron nitride, mica, nylon, polymethylmethacrylate, polyurethane powder, sericite, silica, silicone powder, talc, Teflon, titanium dioxide and zinc oxide. Optical diffusers are an important adjunct in the camouflage of dark circles in the periorbital region.\[[@ref16][@ref17]\]

Retinoids are vitamin A derivatives that impact multiple pathways to decrease the appearance of dark circles in the infraorbital region. First, they promote collagen synthesis and promote reorganisation of collagen bundles to improve skin turgor and quality. They also decrease melanin content and reduce the size of melanocyte Golgi complex and endoplasmic reticulum. The sum of these effects results in increased skin smoothness and decreased discolouration and dyschromia.\[[@ref18]\]

Hydroquinone is a competitive antagonist for tyrosinase, which plays a critical role in the pigmentation pathway. A range of concentrations of hydroquinone is available, typically through a compounding pharmacy. Using low concentrations such as 2--6% hydroquinone is typically sufficient to achieve melanocyte stabilisation as a means to decrease the pigment deposition in the periorbital region. Higher concentrations may result in paradoxical increase in pigment. Hydroquinone may not be available in some countries due to regulatory challenges. In Europe and in Asia, hydroquinone has become unavailable due to concerns regarding carcinogenesis and melanocyte toxicity.\[[@ref19]\] Much of the concern regarding carcinogenesis emanates from a study that demonstrated that large amounts of oral hydroquinone caused cancer in rodents.\[[@ref20]\] In areas where hydroquinone may not be available, several other compounds can be used, such as arbutin and kojic acid. Arbutin is a botanical extract with a structure very similar to hydroquinone and has demonstrated similar efficaciousness. Kojic acid also acts in blocking the tyrosinase pathway by binding to copper.\[[@ref21]\]

Topical caffeine is an effective means of treating infraorbital dark circles. When applied topically, it can be an asset in treating dark circles that result from subcutaneous vascularisation, telangiectasias and oedema due to leaky vessels. A randomised, double-blinded, placebo-controlled study demonstrated the ability of a caffeine-based gel to penetrate the lower eyelid skin and diminish the lower eyelid oedema and pigmentation.\[[@ref22]\]

Peptides are an increasingly common component of the armamentarium against dark circles. At present, there are more than 25 distinct peptide formulations used in compounds designed to improve skin quality. In general, these molecules act within the extracellular matrix (ECM) in the skin to promote the formation of collagen. Cosmeceutical peptides are classified into signal peptides, enzyme inhibitor peptides and carrier peptides.\[[@ref23]\] Signal peptides such as palmitoyl pentapeptide-4 stimulate ECM that modulates fibroblast activity to increase in type I and III collagen and fibronectin production.\[[@ref24][@ref25]\] Signal peptides also increase elastin, proteoglycan, glycosaminoglycan and fibronectin proliferation -- the building blocks of robust skin. Enzyme inhibitor peptides primarily block proteinase formation and activity, including matrix metalloproteinases, thereby aiding in maintaining a robust ECM in the skin. Carrier peptides\' primary function is to deliver enzymatic cofactors such as copper and manganese that are critical in wound healing and regenerative properties of skin following solar damage. One of the most commonly used carrier peptides is glycyl-L-histidyl-L-lysine which stabilises and delivers copper for use in enzymatic processes. In these various ways, peptides improve the quality and turgor of the skin.\[[@ref25]\]

NON-INVASIVE TREATMENTS {#sec1-8}
=======================

Intense pulsed light {#sec2-1}
--------------------

Intense pulsed light (IPL) devices emit light in the visible spectrum and is applied to the skin via a coupling gel. A high-output lamp emits a broad wavelength of light in the 500--1200 nm range using electrical current passed through a xenon-filled chamber. The chromophore of this light is dermal and epidermal pigments in the form of haemoglobin and melanin; which results in selective photothermolysis of pigmented and/or hypervascular areas of skin. The result is improved homogenous tone and hue of the skin. Settings can be adjusted to treat particular targets of varying degrees of pigment; for example, preferential treatment of haemoglobin over melanin for the treatment of telangiectatic areas. Treatment parameters are individualised and IPL is ideal for patients with Fitzpatrick types I--III.\[[@ref26]\]

Radiofrequency {#sec2-2}
--------------

Radiofrequency (RF) devices use energy produced by an electric current (as opposed to a light source as in a laser) to create a thermal effect that results in collagen contraction and neocollagenesis while minimising collateral damage. RF energy is not subjected to diminution by tissue absorption or scattering and can be used to treat deep tissue layers such as the dermis and subcutaneous fat without producing thermal burns. Moreover, RF devices can be used to treat a wide variety of skin types as they do not use light-based energy. The use of RF devices to achieve tightening of the skin in the periorbital region has been reported. These devices produce collagen tightening that many authors describe as mild to moderate and more subtle than the effects seen with ablative or fractionated lasers; however, the inherent low morbidity makes RF a desirable choice if mild effects are desired with a low risk profile.\[[@ref27][@ref28][@ref29][@ref30]\]

Q-switched lasers {#sec2-3}
-----------------

Q-switched lasers are an effective means of treating dark circles that are primarily due to hyperpigmentary changes in the skin. Given the rapid thermal relaxation time of melanosomes, Q-switched lasers with nanosecond pulse technology are ideal for selectively treating melanosomes while causing minimal trauma to the surrounding structures. Q-switched ruby lasers use a 694 nm wavelength resulting in melanosome disruption within melanocytes, melanophages and keratinocytes. This relatively low wavelength is well suited for patients with Fitzpatrick types I and II skin, but the high rate of melanosome disruption is not ideal for patients with more pigmented skin. Two separate studies have demonstrated a \>40% improvement in pigmented dark circles following treatment with ruby Q-switched lasers.\[[@ref13][@ref31]\] Adjuvant or neoadjuvant retinoids and hydroquinone can be used to improve the safety profile and to treat any hyperpigmentation issues.\[[@ref32]\] Q-switch alexandrite lasers present a mid-spectrum 755 nm wavelength, resulting in less trauma to melanosomes and increased safety in higher Fitzpatrick skin types. Nd: Yag lasers penetrate deep into the skin and have minimal effect on melanosomes, given their high wavelength (1063 nm). This allows for increased safety when treating more pigmented individuals, such as Fitzpatrick type V and VI skin.\[[@ref33][@ref34][@ref35]\]

Pulsed dye lasers {#sec2-4}
-----------------

Pulsed dye lasers are well suited for the treatment of dark circles with a vascular aetiology. Pulsed dye lasers use the principle of selective thermolysis with haemoglobin as the chromophore. These lasers produce visible light at a wavelength of 585--595 nm with pulse durations of 0.45--40 ms. Pulse dye laser is ideal for patients with Fitzpatrick I--III skin types and is typically repeated at intervals of 4--6 weeks and often requires 3 or more sessions to be effective. Investigations in pulsed dye laser in the treatment of other forms of skin hyperpigmentation have been controversial; however, some studies indicate that pulsed dye laser may be useful in the treatment of solar lentigines.\[[@ref36][@ref37][@ref38]\]

INVASIVE SUPERFICIAL TREATMENTS {#sec1-9}
===============================

Chemical peel {#sec2-5}
-------------

Chemical peeling is often combined with other interventions or used alone in the treatment of dark circles. This modality is effective in the treatment of dark circles due to both pigment irregularities in the skin as well as contributions from rhytids. Improved skin collagen following peeling can also aid in camouflaging the underlying orbicularis and vasculature than can contribute to dark circles. Trichloroacetic acid (TCA) peels are available in a variety of concentrations and can be used to achieve deeper treatments with increasing concentration. Peeling agents remove melanin from the stratum corneum and epidermis, with deeper peels modulating melanin content in the dermis. Resurfacing with TCA peels is an effective means of treating dark circles in patients in the Fitzpatrick I--III range. Chemical peels in more pigmented individuals must be performed cautiously as they are at a risk for pigmentary complications.\[[@ref5][@ref39]\] Vavouli *et al*. treated patients with Fitzpatrick II, III and IV with 3.75% TCA and 15% lactic acid and reported an improvement in the appearance of dark circles in more than 90% of the patients.\[[@ref40]\]

Medical tattoos {#sec2-6}
---------------

Tattooing in the infraorbital region, also known as blepharopigmentation, was first described by Angres in 1984.\[[@ref41]\] This technique makes use of a hollow round tip needle that injects pigment into the superficial dermis. The pigment initially is deposited as free granules in the epidermis and dermis, but eventually migrates into the orbicularis connective tissue. The pigment granules become endocytosed by fibroblasts and remain in place permanently. Blepharopigmentation is commonly performed to enhance the lower eyelid margin; however, tattooing has also been used to smooth transitions in hyperpigmentation in the lower eyelids. Several complications have been reported; however, blepharopigmentation is typically a well-tolerated procedure.\[[@ref42][@ref43][@ref44][@ref45]\]

Ablative laser resurfacing {#sec2-7}
--------------------------

Ablative resurfacing is a powerful means to improve infraorbital dark circles by resurfacing the skin to treat pigmentary irregularity as well as enhancing skin tightness and the collagen and ECM to improve concealment of the underlying orbicularis and vascular network. The mechanism of laser resurfacing is controlled tissue injury to the skin with the resultant reparative process resulting in the formation of skin layers with increased collagen, decreased pigment irregularities and a decrease in rhytids. Laser resurfacing is a powerful means of addressing dark circles in a multi-modal fashion. First, the superficial layers of the skin can be ablated resulting in the regeneration of superficial layers that are less pigmented. In addition, the improved collagen content in the resurfaced skin results in improved camouflage of the underlying orbicularis and associated vasculature that is often responsible for the appearance of dark circles. CO~2~ and erbium-doped yttrium aluminium garnet (Er: YAG) lasers are the most commonly used non-fractioned laser technologies. CO~2~ lasers use water as the chromophore and at fluences of 5 J/cm^2^ and pulse durations of \<1 ms result in optical penetration of 20--30 µm with residual thermal damage extending to 100--150 µm. ER: Yag lasers also target water, however demonstrate more precision with a more limited depth of penetration and minimal thermal damage. Optic penetration is in the 1--3 µm/J/cm ^2^ with thermal damage extending 10--40 µ.\[[@ref45][@ref46]\]

Fractionated laser technology utilises the same technology as full ablative lasers; however, fractionated laser resurfacing reduces the confluent thermal damage of full ablative lasers to a subtotal pixelated pattern of ablation, leaving behind untreated skin which allows for less downtime and a lower complication rate. The results of fractionated CO~2~ laser resurfacing have been shown to be comparable to traditional ablative resurfacing; however, with a lower rate of complication and less downtime\[[@ref47][@ref48][@ref49][@ref50]\] \[[Figure 3](#F3){ref-type="fig"}\].

![Before and after examples of patients with infraorbital dark circles who underwent treatment with: Volume enhancement with hyaluronic gel injection (a). Volume enhancement with autologous fat transfer (b). Laser skin resurfacing (c). Lower eyelid blepharoplasty with inferior orbit fat transposition (d) (adapted from Nakra, 2015)](JCAS-9-65-g003){#F3}

Hyaluronic acid gel soft tissue fillers {#sec2-8}
---------------------------------------

Hyaluronic acid (HA) fillers have become a treatment of choice in many settings to address under-eye contour irregularities that can result in dark shading. Their ease of use, wide availability and potential for reversal with hyaluronidase make for an effective treatment modality to address volume deficiency in the periorbital region that may result in shadowing in the under-eye region. Goldberg describes three separate periorbital hollows that benefit from volumisation: The orbital rim hollow, the zygomatic hollow and the septal confluence hollow. These anatomic areas correspond to dense attachments between the skin and deeper tissue and bone created by the orbitomalar ligament, the orbitozygomatic ligament, and the confluence of the lower eyelid retractors, orbital septum and tarsal plate. Filling directly into the deep ligamentous structures and in a pre-periosteal plane can aid in volumetrically expanding these areas of dense attachments to soften contours in the infraorbital region.\[[@ref51][@ref52][@ref53][@ref54][@ref55]\] Profound improvement in infraorbital dark shadows can be achieved using HA filler alone \[[Figure 3](#F3){ref-type="fig"}\].

INVASIVE DEEP TREATMENTS {#sec1-10}
========================

Fat transfer {#sec2-9}
------------

Fat transfer is a powerful means to achieve facial rejuvenation and efface the infraorbital rim hollow. By injecting directly into the orbicularis retaining ligament, deep volume augmentation that minimises superficial irregularity can be produced, thereby effacing the facial hollows, yielding a smoother lower eyelid-midface contour. Using similar principles as described above for HA filler combined with the knowledge of the fat compartments of the face,\[[@ref6]\] fat transfer can be a very effective means of softening the eyelid--cheek transition to minimise infraorbital dark circles. Fat transfer has been demonstrated to have a high rate of patient satisfaction\[[@ref56][@ref57][@ref58]\] \[[Figure 3](#F3){ref-type="fig"}\].

Surgery {#sec2-10}
-------

Lower eyelid blepharoplasty can be used to address dark circles related to shadowing effects from overhead lighting. Adjuvant chemical peel or laser resurfacing can be used to treat pigmentary causes. A variety of lower eyelid blepharoplasty techniques are available. Transconjunctival fat excision blepharoplasty is an effective means of treating relative volume excess superior to the orbitomalar ligament that, when combined with age-related volume loss in the cheek, contributes to dark circles. When the dense attachments of the orbitomalar ligament prevent fat excision blepharoplasty from smoothing the eyelid--cheek contour, transposition lower eyelid blepharoplasty is an effective means of treating these contour irregularities. The orbicularis-retaining ligament is released directly and orbital fat is transposed into the infraorbital rim hollow.\[[@ref8]\] Advancing the orbicularis and upper superficial musculoaponeurotic system (SMAS) is an effective means of further softening the lower eyelid--cheek contour. In patients with prominent festooning, SMAS elevation can aid in compressing festoons and elevating malar soft tissue to volumise the infraorbital rim hollow. These manoeuvres are particularly useful in situations where gravitational descent plays a prominent role in the aetiology of infraorbital dark circles\[[@ref59]\] \[[Figure 3](#F3){ref-type="fig"}\].

Surgical implants {#sec2-11}
-----------------

Tear trough implants and cheek implants are effective means of augmenting age-related bone and soft tissue loss in the treatment of infraorbital dark circles. A variety of implant types are available, and treatment must be individualised; however, in general, these manoeuvres are best suited for patients with substantial relative bony under projection in the submalar and tear trough regions. Patients with 'negative vector' periorbital anatomy may benefit particularly from the volume and projection enhancement that submalar and tear trough implants provide.\[[@ref60][@ref61]\]

CONCLUSIONS {#sec1-11}
===========

Infraorbital dark circles are caused by a variety of anatomic features, with contributions from the skin, subcutaneous tissues, orbicularis muscle, vasculature and ligamentous architecture of the lower eyelid and cheek. A detailed understanding of the regional anatomy is crucial to the management of dark circles, which encompasses a wide variety of modalities. The treatment strategy depends on the aetiology, and treatment must be individualised. Treatment modalities range from concealment and camouflage to non-invasive treatments such as lasers, as well as more invasive treatments such as volume augmentation and resurfacing, as well as deep invasive procedures such as blepharoplasty.
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